Histochemical
and Cytochemical Studies on the Succinic
Histochemical or cytochemical demonstration of succinic dehydrogenase activity (SDA) in the mammalian brain tissues has been made by many investigators, such as LEDUC and WISLOCKI (1952) , PADYKULA (1952) , MALATY and BOURNE (1953) , NEUMANN and KOCH (1953) , RUTENBURG et al. (1953) , MUSTAKAL-LIO (1954) , PEARSON and DEFENDI (1954) , FRIEDE (1957) , ORTMANN (1957) , SHIMIZU et al. (1957) , MORIKAWA (1958 a, b) , FRIEDE (1959) . ODA et al. (1959) , POTANOS et al. (1959) . WOLFORAM and ROSE (1959) , CHASON and PEARSE (1961) , OGAWA and OKAMOTO (1961) , THOMAS and PEARSE (1961) , FRIEDE (1962) , MOSSAKOWSKI (1962) , TEWARI and BOURNE (1962) , YONEZAWA et al. (1962) , SCHIFFER and VESCO (1963) .
The detailed study, however, on the changes of SPA in the developing cerebellum from the embryonic life to the adult has not yet been done. Only FRIEDE (1957) studied this in the developing cerebellum of the rat, while his data are dealt only with the activity from newborn to adult.
The present investigation was undertaken to demonstrate the distribution of SPA in the developing cerebella of cats and mice from the middle fetal life to adult at the cytologial level, employing the technique modified by the present author.
I. Historical
Remarks.
Based upon the idea postulated by THUNBERG, SEMENOFF first demonstrated SPA in 1934 in the tissue sections, by use of methylen blue under anaerobic condition.
He described that the activity was lost by the use of fixative, or in paraffin sections.
In 1951, ditetrazolium chloride (blue tetrazolium=BT) was first introduced by SELIGMAN and RUTENBURG.
They found that the results were dependent upon thickness were optimum. PADYKULA (1952) investigated various tissues of the rats thickness in case of the tissue with high enzymatic activety, but in tissues of lower also mentioned the usefulness of cryostat sections in the reactions, and the enhancement of diformazan formation under the strict anaerobic condition. For the demonstration of SDA in the tissue which had low activity (thyroid), GOODARD and SELIGMAN (1952) devised a supravital technique. The tissues were cut with the razor blade into slices thinner than 0.1mm, washed in phosphate buffer, stained, dissociated with disecting needles after removal from the medium and mounted in agar which contained the incubation medium in it.
In the screening tests of various tetrazolium salts, SHELTON and SCHNEIDER (1952) found that evenly distributed formazan precipitation was consistently obtained tetrazolium chloride (TPT=TTC) were used, and then when BT was used, partially the reduction of BT in various tissues of guinea pig, rabbit, mouse and rat, and ob- RUTFNBURG et al. (1953) published the improved method for thin sections such ing on a clean glass and dried in the air, or stained during floating in the incubation medium which contained activators such as Ca++, Mg++, Al+++ and HCO3-. It was noted that the sections mounted on slides stained less intensely than those stained floating in the medium, and that the anaerobic condition and the activators greatly accelerated the velocity of reaction. PEARSON and DEFENDI (1954) described that they encountered two difficulreaction. They overcame these difficulties by rapid freezing of tissues using dry ice were mounted upon slide glasses and dried in the air, found that the use of cyanide in the incubating medium afforded equally good reduction of NT to diformazan, and that the use of phosphate buffer at higher pH (8.2) showed the enhancement of the tetrazolium reduction than at pH 7.6.
In 1956, FARBER and LOUVIERE found that the rate of stainability was greatly increased by the use of a tetrazolium salt together with a suitable oxidationreduction dye such as methylene blue or azure dye.
In the recent year, special attention has been payed to the development of enzyme activities in the immature animals. FRIEDE (1957 FRIEDE ( , 1959 ) studied first the diswas TV. On the other hand, MORIKAWA (1958 b) investigated the SPA in the brain mounted on slide glasses in a cryostat (SHIMIZU et al. 1956 ) and put by drying in the air at room temperature. The tetrazolium salt used by him was NT. But, there are conspicuous descrepancies in the results obtained by both workers.
In cerebellum, FRIEDE demonstrated strong SDA from the 2nd day after birth, while MORIKAWA demonstrated it from the 7th day. The differences were presumably derived from the differences of the sections used and in part from the tetrazolium salts utilized.
The introduction of Nitro-BT by NACHLAS et al. (1957) broght forth a new era for the histochemistry of succinic dehydrogenase. They realized the use of paraffin sections for the demonstration of SPA. Of course, they also prepared frozen sections.
lowing rapid freezing of the tissue blockes of 3-5mm thick by isopentane, attached upon untreated glass slides and stained. Owing to this new tetrazolinm salt, they could obtain the excellent staining preparations which facilitate the investigation to the cytological level.
An attempt has also been made with an aim to improve intracellular localization of succinic dehydrogenase by the use of 7.5% polyvinylpyrrolidone sucrose medium (NOVIKOFF 1957 , YONEZAWA et al. 1962 . The usage, however, was soon criticized by THOMAS and PEARSE (1961) because of the possible interfernce with penetration of the reagents into nervous tissues. Eighteen cats were used in the present investigation. They were classified as follows: a fetus at the middle stage of embryonic life (ca. 55g); a fetus at the late stage of embryonic life (near term) (ca. 80g); a newborn within 10 hours after birth; a newborn within 12-24 hours after birth; 2, 4, 6, 7, 9, 12, 14, 15, 21, 34, 45, 56 , 65 day-old kitten and an adult cat (2.5 years old).
Webster-Swiss strain mice of various ages were also used. They were; newborn within several hours after birth, 2, 4, 5, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 19, 20, 22, 23, 25 , 28 day-old, 2 month -and 6 month-old.
All the animals were decapitated without anesthesia. The cerebellar hemispheres were removed dropping the cold acetone onto them, transfered into the chilled acetone, diced as quickly as possible to the small blocks of ca. 3-5mm3 large in size, and the fixation was further continued for 45-60 minutes in a refrigerator.
Following 30 minutes of carbowax (polyethylene glycol) infiltration (M. W. 1,500 freezing microtome (OKAMOTO and MIZUNO 1963) . Those thin as well as thick sections were immediately transfered into the 60% acetone, 30% acetone and distilled water successively.
Each of the Procedure had 5-3 minutes immersion. By this procedure, sections were stretched over the surface of water and became flat by virtue of the differences of the surface tention between the fluids. Those thin as well as thick sections were picked up and incubated in open vessels or tightly closed embryonic life, incubation was continued for 12 hours.
The incubation medium (OGAWA and SHINONAG A 1961) was consisted of 1.5 ml 0.1M sodium succinate, 1.2ml 0.1M SORENSEN's phosphate buffer (pH 7.6), 0.3ml 250mg% Nitro-BT and 0.1ml 100mg% phenazine methosulfate or 0.1ml 200 mg% vitamine K3. After the incubation, the sections were washed in distilled water carefully and postfixation was carried out with 10% formalin for 15 minutes at room temperature.
Those sections were embedded in glycerin jelly or balsam after dehydration with alcohol.
For the controls, substrate-free media and the incubation media containing sodium malonate as competitive inhibitor, in addition to sodium succinate, in the final concentration of 0.1M were used (pH was adjusted with NaOH). The sections were also Besides those controls, some sections were incubated in the experimental media which contained respectively, monoiodoacetic acid, oxalacetic acid, selenic acid (DAS 1937 , FRIEDE 1958 in the final concentration of 0.01M.
For the references, hematoxilin-eosin preparations, BIELSCHOWSKY's silver impregnated preparations and FEULGEN preparations were made, and electron microscopic observations were also done in some cases.
Carbowaxes used in the present study were manufactured by Carbide & Carbon Chemicals Corporation (U.S.A.).
III.
Results.
Sectiones incubated in the experimental media presented blue or dark blue color due to the reduction of tetrazolium salt, while those in the control media presented pink or red. Therefore, pink or red color was regarded as SPA negative in the present study.
Between phenazine methosulfate and vitamine K3 which were used as intermedi- Enzyme activity, though extremely weak, was already recognized at the middle stage of embryonic life (Fig. 1 ). The intensity of the reaction ranked next to that of the PURKINJE cell layer. At the late stage of embryonic life (near term) the activity increased remarkably (Fig. 2) . In the preparations of now horns within 10 hours a.
b. (after birth), the activity was a little more intensified (Fig. 3) . Between new borns and the 2nd day a. b., there were no remarkable differences about the intensity of reaction. The maximum activity of this layer was seen between 6 and 15th day a. b.
(mouse 5-12th day) (Figs. 4, 5, 7 and 8) . During this period, the activity of each cells which compose this layer was also maximum.
Under a low magnification (Fig. 8 ) this layer appeared as the blue meshes of a net, and division into two zones were also recognized, i. e., the superficial zone adjacent to the pia mater and the deeper zone. The former exhibited always a little stronger activity than that of the latter (Fig. 4) . This division could be seen already on the day of birth. The cells possessed, under a higher magnification, large nuclei and thin rim of the cytoplasm, in which a small number of fine, blue formazan granules were seen to be scattered (Fig. 5 ). The distinction of neural or glial cells from those external granule cells could not be made in the present study.
Observations on the 21st day a. b., however, revealed that the superficial zone had decreased greatly in thickness. In the deeper zone, it was observed a narrow band which showed a relatively strong activity (Figs. 3, 4, and 9) .
Untill 12th day a. b. (mouse 7th day) exernal granule layer showed stronger activity than that of inner granule layer, and thereafter the activity of inner granule layer became predominant.
In the preparation of a cat on the 56th day a. b. (Fig. 13) . On the 65th day, this layer decrased to a single row of cell or partially disappeared (mouse 19th day). b) Molecular layer.
Molecular layer was not clearly identified in the fetuses. Appearance of a narrow band of a weak activity, just above the PURKINJE cell layer was the first indication of this layer. It was seen on the day of birth (mouse 5th day) and continued to develop upwards, situating between external grannle layer and the PURKINJE cell layer, increasing its activity (Figs. 3 and 4) . The strong activity of the dendrites of PURKINJE cells in the molecular layer was constantly seen from the 12th day a. b.
on (mouse 10th day) (Figs. 7, 8 and 10) . Comparing with mice, the kitten dendrites were fairly well developed. Following this stage, the lower end of molecular layer showed as strong activity as that of the PURKINJE cell bodies, and further increased its thickness towards the pia mater. It was also observed that the enzyme distribution of molecular layer was not uniform throughout the whole life, i. e., the upper most part always exhibited a week activity as compared with the rest part of this layer, cortex of a kitten on the 14th day after birth. Growth of the dendritic branches (arrows) and strong activities in the neuropile of molecular layer (M) are seen. P pia mater, eg external and that the lowest part showed the most intense activity (Figs. 7, 8 and 9) . In the extension of this layer, many cells were seen scattered at the different levels of heights from ca. 12th day a. b. on (mouse 10th day), whose cytoplasm were so narrow that the distinction from the molecular layer itself was impossible in the most cases.
It was observed that the development of this layer was completed when the external granule layer disappeared.
The enzyme activity was already recognized in the fetus at the middle stage of embryonic life, and it was always stronger than any of the other layers. At the late stage of embryonic life, prominent increase in the activity was seen ( Figs. 1 and 2 ).
On the day of birth a little increase of the activity was seen in both animals. There were no remarkable differences on the intensity of reaction between newborn and the animals of 2 day-old. Intracellular localization of the activity of immature PUR-KINJE cells was peculiar, i. e., about the 6th day a. b. (mouse 8th day) the nuclei were located towards the bottom of cell bodies. The enzymatic activity was conspicuous in the area of dendritic origin (Fig.  11) . Approximately, from the 7th day on (mouse 10th day), the dendrites in the molecular layer began to show as prominent activities as that of the PURKINJE cell bodies, and their branches began to pevelop too. On the 12th day (mouse 10th day),
PURKINJE
cell bodies came to line up far beneath the molecular layer, due to the growth of dendritic trunks (Figs. 7, 9, 10 and 14) , and the nuclei were located in the center of raket-shaped cytoplasm and the deeply stained perinuclear area was seen (Fig. 7) . It was also recognized that the heavy deposition of the formazan granules occurred in the endoplasmic region, but lesser amount of deposition in the ectoplasmic region. On the 21st day a. b. spinny feature of the dendrites were already seen (Fig. 10) .
In the adult animals, it was sometimes observed that in the row of PUR-KINJE cells or in the region just beneath the PURKINJE cell bodies, there were cells which showed strong activities both in the cytoplasm and their processes. These cells were interpreted to be the BERGMANN cells. Besides these, the basket fibers and satellite cells were clearly seen with moderately strong activities (Figs. 14 and 15). During the embryonic life, the greater part of this layer did not stained except for the narrow region adjacent to the PURKINJE cell layer (Fig. 2) . It was recognized that the region showed the weak activity with the gradual decrease towards the white matfer. At this stage, a boundary between the inner granule layer and the white matter was not clear as in the adult. The numbers of cells which constitute this layer seemed to increase from about Pig. 12. SDA of the cells in the white matter (W) and of the neighboring inner granule layer (ig) of a kitten on the 56th aw after birth. The activities are the 7th day a. b, on (mouse 5th day). At the same time, it was observed that varguely demarkated speckes of a weak activity appeared, hear and there, among the tightly packed inner granule cells, and those speckes contained a number of deposition of formazan granules (Figs. 4 and 6) under a higher magnification.
Those findings were considered to correspond to the beginning of formation of glomerulus cerebelli. The speckes increased rapidly in their number and the activities. On the 14th day a.
b. (mouse 8th day), the activities of inner granule layer were more intensified and the distribution pattern was nearly the same in the adult (Fig. 14) . Observations on the 34th day (mouse 10th day) revealed that it became almost equivalent to that of the adult. The preparations on the 45th day (mouse 13th day) showed the adult level (Figs. 12 and 14) . The inner granule cells had also large nuclei and narrow rim of the cytoplasm containing a small number of fine formazan granules scattered in it (Figs. 6, 14 and 16). With a higher magnification, it was always recognizable that along the circumference of round nuclei, a small number of fine formazan granules were seen to be scattered (Fig. 16) . Sometimes, there appeared the deeply stained calls of relatively large size in the different parts of this layer. The cytoplasm contained much more formazan granules than the other inner granule cells (Fig. 6 ). These cells were distinctly seen during the period when the activities of glomerulus cerebelli were not yet strong. They were considered to be the astrocytes.
Activities of glomerulus cerebelli were so intense, especially in the adult animals, that the intra-glomerular details were obscured in many cases (Figs. 6 and 16), and their activities represented the activities of the whole inner granule layer as the inner granule cells were weak in activities.
Many fibers were stained, especially in the adult animals. Most of them were weakly stained, and no formazan granules were contained within them. But, there were a few fibers which showed relatively strong activities. e) White matter. In the fetuses, white matter was completely negative. Approximately on the 6th day a. b. (mouse 8th day) there appeared a small number of cells which showed a weak activities in their cytoplasm. These cells were lined up in a row, sometimes linked together in the direction of the fibers. In the preparations of the 21st day a. b. and the 45th day, increase in number of cells as well as the enzyme activities was seen (mouse 10-16th day). Some times, long fibers were clearly stained at this stage with a moderately strong activities.
On the 56th day (mouse 19th day), the activities of the cells were, still, well sustained, and it was seen that their cytoplasm were heavily loaded with dense, dark blue formazan granules (Fig. 12) . Following this stage, the rapid diminution of the enzymatic activities was observed, i. e., with the preparations on the 65th day a. b. (mouse 19th day), the activities of cells in the white matter were no longer recognizable. Thus, the white matter attained the adult pattern, i. e., in this study, it was observed that the white matter of the adult animals were stained weakly when stained anaerobically, while they were negatiev when stained aerobically.
IV. Discussion.
1. Preparation of the sections using carbowax.
For the determination of the most appropriate carbowax to be used, and of the best time for infiltration, the present author checked the relations between the mole- When the infiltration was continued longer than 60 minutes, decrease of the activity was seen. Carbowaxes of greater molecular weight than 1,500 were not used because 2. Evaluation of the results obtained in the present study.
As regards the cytochrome oxidase and succinic dehydrogenase in the cerebral cortex and liver of fetal guinea pig during the last half of gestation, FLEXNER et al. (1953) and FLEXNER (1954) found that these enzymes appear to have a relatively low and constant level of activity up to the period between 40th and 45th day, the activities then begin to increase, and reach to the two-or three-fold greater after the 55th day of gestation.
In the brain of chick embryos also, cytochrome oxidase and succinic dehydrogenase were more active in 19 day-old embryo than those of 11 or 14 day-old embryos. Thus, the amounts of the enzymes increase 2.5 times in this period (LESLIE and YARNELL 1960) , and the SDA during the embryonic life changes parallel to that of the cytochrome oxidase activity (DAVIDSON 1957) . The facts mentioned above seem to indicate that the metabolism of embryonic tissues is not exclusively anaerobic, but a aerobic metabolism, although in lesser degree, is presumed to exist, and that the respiratory activity does not come into prominence untill late stage of embryonic life. In accordance with the predominance of anaerobic respiration in immature brain, HIMWICH et al. (1941 ), FAZEKAS et al. (1941 demonstrated experimentally the extraordinary tolelance of those brain to anoxia. KOBAT (1940) also reported that the brain of new borns were much more resistant to arrest of their blood circulation than the adult.
Admitting the existence of a positive correlation between the activities of aerobic metabolism and the distribution of SDA, low SPA in the embryos and infant animals will implies the low rate of aerobic metabolism and low oxygen consumption. In connection with this, HIMWICH et al. (1939) , HIMWICH and FAZEKAS (1941) , TYLER and HARREVELD (1942) investigated the oxygen consumption of the brains of new born animals, and reported that it was smaller than that of the adult.
As for the postnatal development of enzymes, POTTER et al. (1945) reported that, in the rat brain, cytochrome oxidase, succinic dehydrogenase and adenosine triphosphatase remained constant from about 3 days untill about 6 days after birth and then increase rapidly so that the adult level was reached by the 30th day of life. It has also been shown, from the investigation in developing cerebral cortex of the rat, that succinic dehydrogenase, cytochrome oxidase (HAMB URGH and FLEXNER 1957) and malic dehydrogenase (KUHLMAN and LOWRY 1956 ) began rapidly to increase in activities nearly on the 10th day a. b. with increase of oxygen consumption (GORNICK et al. 1963) and glucose utilization (TYLER and HARREVELD 1942) .
In the present investigation, the pronounced increase in the SDA was seen between the 6th and 45th day a. b. in the case of kitten (mouse 5-13th day), and attained the adult value approximately on the 65th day (mouse 19th day). According to DAHL et al. (1959) the acceleration of 02 utilization with brain development can be accounted for the increase in mitochondrial protein concentration which rapidly occurred on about 10th day a. b. (rat).
The increase of SPA, therefore, is a parameter of an oxidative metabolism of the tissues (FRIEDE 1959) . The results obtained from the fetal and newborn animals in the present investigation are in good agreement with those data as described above, in the Developing Cerebellum. 483
indicating the presence of the same developing pattern of the enzymes in the cerebellum as in the cerebrum.
On the fate of external granule layer, it has been studied by many authors. Some worker claimed the degenerations of those cells (see CAJAL), the others claimed the proliferation and migration of those cells into the molecular layer and the inner granule layer, developing into the nerve cells (ADDISON 1911 , CAJAL 1929 , MIALE and SIDMAN 1961 .; see CALAL), or into both the nerve cells and the glial cells (OBERSTEINER 1883 , LUGARO 1894 , SCHAPER 1894 , POPOFF 1896 , KER-SHMANN 1938 , UZMAN 1960 . The present investigation, however, revealed the presence of SPA in those cells from the time of embryonic life to the last stage of its disappearance. This is in good agreement with the report by FRIEDE (1957), and suggests that those cells do not degenerate untill the last day of disappearance.
Electron microscopically, the external granule cells possessed several small mitochondria, extremely poorly developed endoplasmic reticulum, small amounts of RNP granules and a few small GOLGI complexes scattered in a thin rim of the cytoplasm. At the same time, developing nerve cells were seen among the external granule cells.
It was also seen that the spaces among neighboring cells were packed with a number of cytopalsmic processes of both glial and nerve cells which contained mitochondria (SHINONAGA unpublished data). The reaction of SDA in this layer may well be attributed to those structures.
As for the PURKINJE cells, they always exhibited the strong activity throughout the whole life. FRIEDE (1957) processes of different cells with or without mitochondria were tightly packed around them (HERNDON 1961 , SMITH 1963 , as it was the case in the nerve cells of cerebral cortex (PAPPAS and PURPURA 1961) . The intense SPA in the dendrites and the neuropile in the molecular layer are attributed to those structures, too, as SPA is associated with the mitochondria (De ROBERTIS 1960 , CHANCE et al. 1961 , OGAWA and SCHINONAGA 1962 , LOVTRUP and SVENNERHOLM 1963 , GREEN 1964 .
In the inferior part of molecular layer and in the PURKINJE cell layer, SCHIF-FER and VESCO (1963) observed the SPA, besides in the PURKINJE cells, in the BERGMANN fibers, oligodendrocytes and the other cells. In the present study, the BERGMANN cells and its processes were clearly demonstrated, showing the high SPA. The satellite cells exhibited moderate degree of the activity, the basket cell fibers showed also the moderately strong activity. These data obtained in the present study are essentially in agreement with that of the SCHIFFER and VESCO, and with electron microscopic study of HERNDON (1964) .
On the other hand, it has been known that the young mouse shows a rapidly developing EEG between 6th to 9th day a. b. and tends to become similar to the adult by 10-14th day of life (HIMWICH 1962) . The time is, in the mouse cerebellum, exactly correspond to the rapid development of the molecular layer accompanied by a rapid increase in the SDA in the inner granule layer as observed in this study.
As for the activity of the inner granule layer, it was mainly represented by the enzymatic activity of the glomerulus because the activity of the cells of inner granule layer was very weak. Studying the adult animals, MALATY and BOURNE (1953) , POTANOS et al. (1959 ), ODA et al. (1959 and SCHIFFER and VESCO (1963) recognized SPA in the inner granule cells or both inner granule cells and glial cells of this layer. ODA et al. observed two kinds of cells: one with a strong and the other with a weak activity. On the other hand, there are workers who observed no activity in the inner granule cells (TEWARI and BOURNE 1962, YONEZAWA et al. 1962 , using the tissue culture). In the present investigation, the SPA of the inner granule cells were clearly seen from the stage in which the glomerular activities were not yet strong. Furthermore, electron microscopic studies also revealed the existence of several small mitochondria in the narrow rim of cytoplasm (GRAY 1961 , PALAY et al. 1962 , SHINONAGA unpublished data, SMITH 1963 .
It is of interest that, in the early stage of development, the distribution of SPA of inner granule layer was restricted to the narrow region adjacent to the PURKINJE cell layer with a gradual decrease of the activity to the white matter, and that the distribution extended gradually to the deeper area and afterwards the same intensity was observed throughout the whole area. This evidence might have some relations to the cell migration which occurred from the external granule layer towards the inner granule layer as described by CAJAL and the other investigators.
Strong positive reaction of the fibers in the inner granule layer was considered to be due to unmyelinated fibers or long processes of glial cells. The weakly stained fibers observed were considered to be the mossy fibers, and it was, in part, a diffusion artefacts, because they were free from the formazan granules.
According to THOMAS and PEARSE (1961) , high SPA was found in unmyelinated fibers and lower activity in the axons of myelinated fibers. While recent biochemical studies on the myelin by ADAMS et al. (1963) reported that enzyme inactivity of myelin in both CNS and peripheral nerves. They denied the report by TEWARI and BOURNE (1960) in which they described the presence of the SPA in the myelin sheath of peripheral nerves as a center of metabolic activities.
Though many of the histochemical studies of SPA in the nervous tissues coincide with each other in the point that it is not demonstrable in the white matter, this negative result, according to WOLFGRAM and ROSE (1950) , is due to the lack of sufficiently sensitive tetrazolium salts and to the technical difficulties rather than to its true absence. Favoring of his view, recent worker observed the SPA in the white matter, i. e., POTANOS et al. (1959) , MOSAKOWSKI (1962) , and SCHIFFER and VESCO (1963) recognized it in the glial cells in the white matter of the adult animals. ODA et al. also observed a weak activity in the white matter. On the O2 consumption of the white matter of a lam brain, KOBE Y et al. (1958) determined that one-third could be attributed to the respiratory activity of the axoplasmic structures coursing through the white matter and two-thirds to the cellular elements of the white matter. According to the report by KAWAKITA (1956) , who estimated the succinic dehydrogenase in the brain of rabbit, the amount of this enzyme was highest in the cerebellum, and the amounts in the cerebral gray matter was 51-57% of the white matter. This evidence was remarked by CHASON and PEARSE (1961) that the preponderant activity of succinic dehydrogenase in the cerebral white matter is diametrically opposed to that seen with histochemical methods and can not be explained. In the present investigation, white matter of adult animals were stained weakly when incubated anaerobically, while they stained pink (negative) when incubated aerobically. On the SDA of the white matter, further histochemical studies associated with biochemical investigations and electron microscopic observations are needed.
As to the changes of enzyme activities of cells in the white matter during the development, observations in the present study confirmed the results of FRIEDE (1957).
V. Summary.
1. A study was done on the distribution of succinic dehydrogenase activity (SDA) in the developing cerebella of cats and mice, from the middle fetal life to the adult, using fresh frozen sections prepared by the use of carbowax (polyethylene glycol). 2. Although extremely weak, the SDA was already recognized at the middle stage of embryonic life. The activity was seen to be intensified at the later stage (near term). There was a remarkable difference on the distribution of SDA between the embryos and the adults. 3. The pronounced increase in the activities with the development of all the components of cerebellum were seen from about the 6th day after birth on again (mouse 5th day). Observations on the 65th day (mouse 19th day) revealed that they showed the adult pattern.
4. Cytologically, the SDA was beautifully demonstrated in the external granule cells, the cells in the molecular layer, the PURKINJE cells, and their satellite cells, basket cell fibers, the inner granule cells and other cells in the granule layer. The activities were, also, observed in the cells of the white matter during the development. 5. In the inner granule layer, the activities were at first restricted mainly to the region adjacent to the PURKINJE cell layer with the gradual decrease towards the white matter. 6. By the 6th day after birth (mouse 8th day), the PURKINJE cell nuclei were located towards the bottom of cell bodies showing the eccentrical localization of the activity in the area of dendritic origin. Thereafter, they were located in the center of racket-shaped cytoplasm showing perinuclear staining of the cytoplasm. 7. Except for the above mentioned results, findings were essentially the same to those reported by FRIEDE (957) in the developing cerebellum of the rat.
